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Abstract
An outbreak of listeriosis in Denmark occurred in May 2009.
Multilocus variable number of tandem repeats analysis typing,
later conﬁrmed by pulsed-ﬁeld gel electrophoresis typing,
showed that isolates from eight patients had identical patterns
and were distinguishable from Listeria monocytogenes isolates
from other Danish patients. Seven out of eight patients had
received a meal with beef from the same meals-on-wheels deliv-
ery catering company 3 weeks prior to onset of disease. Two
patients died of their infection. Large-scale delivery of precooked
meals to a vulnerable population represents a threat if proper
measures against listeriosis are not taken.
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Listeriosis is a foodborne disease caused by Listeria mono-
cytogenes. The organism occurs ubiquitously in nature and
may contaminate raw produce or ready-to-eat products that
have been prepared without a bacterial inactivating step such
as heat treatment [1]. Considering the high exposure rate,
the pathogenicity of the organism is low because invasive lis-
teriosis is a rare disease with an annual incidence in most
countries of <1/100 000 inhabitants [2]. However, when
L. monocytogenes causes invasive disease, it is usually with a
high case fatality rate of 20–50% [3]. Outbreaks with L. mon-
ocytogenes are relatively rare and are difﬁcult to investigate
for a number of reasons, including the long incubation period
[1]. Denmark has the highest incidence of listeriosis in
Europe [4]. The last notiﬁed outbreak was in 1985–1987
[5,6]. We describe an outbreak of listeriosis caused by beef
meat in a meals-on-wheels product intended for heating in
the homes before consumption.
Listeriosis is notiﬁable in Denmark and all clinical isolates
of L. monocytogenes are sent to the reference laboratory at
Statens Serum Institut for further characterization, including
serogrouping, pulsed-ﬁeld gel electrophoresis (PFGE) and
multilocus variable number of tandem repeats analysis
(MLVA) typing (publication in preparation). On 13 May, two
diagnostic laboratories each isolated L. monocytogenes from
three patients within the same week. The patients had been
admitted to different hospitals in Copenhagen and northern
Zealand. Both laboratories contacted Statens Serum Institut
as they suspected an outbreak. All diagnostic laboratories in
Denmark were informed of a possible outbreak and from
mid April to mid May 2009, L. monocytogenes isolates from
14 patients were analyzed. Eight isolates showed the same
MLVA proﬁle of a type not previously seen in Denmark;
PFGE typing performed the week after gave the same results
(Fig. 1). They were isolated between 6 and 11 May. The
patients were all adults; the median age was 78 years (range
44–94 years). All patients had predisposing risk factors; four
patients suffered from malignant conditions, one had sys-
temic lupus erythematosus, and three patients were more
than 80 years old. All patients developed septicaemia and
one patient presented with meningitis. Two of the patients
died (Table 1). To generate hypotheses on the source of the
outbreak, patients or close family members were interviewed
by telephone or in their homes. It appeared that all patients
except one had received ready-made food that was delivered
from the same catering company. The meals were packed in
a special preventive atmosphere. The ready-made meals
were intended for refrigerated storage in the homes with
heating in a microwave oven immediately before serving. The
Food-Control authorities inspected the catering company on
the evening of 20 May. From the records of the catering
company, it was found that each of the seven patients had
individual diets, and the only meal they had in common
was sliced beef served with different sauces and vegetables,
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prepared on 14 April. The meat had been delivered to the
catering company as a ready-made product and, subse-
quently, the sauce and other ingredients had been added.
Following the outbreak, the Food-Control authority inspected
the premises of the catering company, interviewed the staff
and took samples from remain meat for bacteriological analysis.
Samples from what remained of the sliced beef and stored
frozen samples from meals from each production round
between 13 and 22 May were collected and sent for bacteri-
ological examination; L. monocytogenes was not found. It was
noted, however, that the company that provided the sliced
cocked beef had prepared the beef at a lower temperature
than otherwise used, and it was concluded that this might
have contributed to the outbreak. It was not possible to
establish how the one patient who had not had food deliv-
ered by the catering company had become infected.
FIG. 1. Pulsed-ﬁeld gel electrophoresis
(PFGE) pattern of isolates from labora-
tory-conﬁrmed cases of Listeria monocyt-
ogenes in Denmark per week; January to
May 2009; n = 31. PFGE pattern 43/71
was the outbreak strain.
TABLE 1. Precise incubation period and clinical information on each patient
Patient
number Gender Age Survived
Frequency of delivery
from catering company
First
symptoms
Sample
date
Diagnosed
data
Predisposing
risk factor
Clinical
presentation
1 Female 82 Yes Daily delivery 6 May 6 May 12 May – Sepsis
2 Male 59 No Daily delivery 6 May 6 May 12 May c. ren Sepsis and meningitis
3 Male 70 No Daily delivery 7 May 8 May 12 May c. ren Sepsis
4 Female 80 Yes Daily delivery No information 6 May 12 May – Sepsis
5 Male 73 Yes Twice a week 6 May 10 May 15 May c. recti Sepsis
6 Male 75 Yes Twice a week 10 May 6 May 15 May c. coli Sepsis
7 Male 44 Yes Hospitalized 15 April to 20 May,
no food from catering company
10 May 10 May 15 May – Sepsis
8 Female 91 Yes Twice a week 7 May 11 May 18 May – Sepsis
The meal that most likely caused the outbreak was delivered on 14 April.
c. ren, kidney cancer; c. recti, cancer in the rectum; c. coli, colon cancer.
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FIG. 2. Cases of Listeria monocytogenes
in Denmark from 1994–2008.
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Since 2000, the incidence of L. monocytogenes has
increased in Denmark (Fig. 2), as in several other European
countries [4]. Surveillance based on typing has not previously
suggested single-source outbreaks of listeriosis [7] and there
is presently no good explanation for the observed increase.
A review on 37 Danish foeto-maternal cases of listeriosis in
a 10-year period [8] did not ﬁnd evidence of epidemiological
relatedness.
The outbreak described here was suspected because local
diagnostic laboratories experienced unusual high numbers of
culture-conﬁrmed cases within a very short time span. Fast
and efﬁcient genotyping of the isolated bacteria was instru-
mental in distinguishing outbreak cases from sporadic cases.
Several cases notiﬁed in the same time period, including that
of a neonatal patient, could be excluded from the outbreak
on the basis of the genotyping.
The various aspects of listeriosis epidemiology have
recently been reviewed [9]. The long incubation period of
listeriosis, in the range 21–27 days for this outbreak, contrib-
utes to the difﬁculties in recognizing and investigating out-
breaks [1]. At the time the occurrence of an outbreak is
realized, valid information on food intake is almost impossi-
ble to obtain from the patients. Outbreaks of listeriosis may
be discovered because of their particular geographical loca-
tion, or because they mainly affect selected groups of individ-
uals, or with genotyping. [4].
Ready-to-eat products constitute a well known risk for
listeriosis outbreaks [10] and guidelines recommend that,
if the product is to be stored before consumption, the
number of L. monocytogenes bacteria should not exceed
100 cfu/g [1]. Precautions against L. monocytogenes are par-
ticularly important when ready-to-eat food is distributed to
vulnerable persons. Food may be handled differently from
what was intended in people’s homes and may be ingested
without prior heating or stored for prolonged periods of
time.
The outbreak described here incurred substantial health
costs and caused considerable public concern because recipi-
ents of meals-on-wheels constitute a large group of people
with impaired health who are especially susceptible to Listeria
infection. Procedures intended to reduce contamination with
Listeria were not followed for the batch of cooked beef and
resulted in invasive disease in mainly elderly and immuno-
compromised patient.
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Abstract
In 2008, an increase in the prevalence of carbapenem-resistant
Klebsiella pneumoniae was noted in a 286-bed tertiary case hospi-
tal in Colombia, where 84 patients (32 infected and 52 colo-
nized) had positive cultures. The identiﬁed index patient came
from Israel for a liver transplantation. High level carbapenem
resistance was observed. Polymyxin B and tigecycline were the
only two antibiotics that remained active. PCR-restriction
fragment length polymorphism analysis and sequencing revealed
blaKPC-3 in the major clone, which was indistinguishable from the
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